Introduction
In considering the economics and advantages of bio-catalysts, it is important to decide an optimal operation policy for biochemical reaction using immobilized enzymes and cells. Although optimal temperature policies have been widely reported concerning chemical reactors with catalyst decay,2'3>7'8) there are few papers about enzymereactors. Haas et al.4) reported the operational policy of optimal temperature and optimal isothermal temperature for the glucose isomerase reaction. Lim and Emigholz5) investigated optimal operation of a batch enzyme reactor using glucose isomerase. Pitcher6) described the operating strategy for immobilized lactase.
In the preceding paper10) the optimal operation policy of aspartase reaction by immobilized Escherichia coli cells was described, without regard to decay ofaspartase activity. That is, in order to obtain higher conversion, it was necessary to decrease reaction temperature corresponding to the progress of the reaction near the end of the reaction. The purpose of this paper is to discuss the effect of operation temperature on the operational stability of aspartase activity of immobilized E. coli cells, and to describe the operation policy while taking account of decay of the enzyme activity. 1. Experimental 1.1 Apparatus used for operational stability of immobilized E. coli cells Figure 1 is a schematic diagram of a mini-column apparatus. Two and a half grams of immobilized E. coli (ATCC 1 1303) cells (19), prepared by the polyacrylamide method,9) were packed into 10 mini-columns (1-10, diameter: 2cm, length: 15 cm) with outerjacket 
Determination of aspartase activity in column reactor
Aspartase activity was calculated by Eqs. (1), (2) and (3) described in the preceding paper.10)
where Kamis the apparent Michaelis constant, K'e is the modified equilibrium constant, S is the concentration of fumaric acid, So is the input concentration of fumaric acid, T is the absolute tempera- showed broken behavior. In these cases, the aspartase activity decreased rapidly to 40-50% of its initial value. The reason for such initial decay is considered to arise from leakage of aspartase from gel matrices.
Rapid decay of aspartase activity was observed again when the activity became 10-20% of its initial value above 40°C, except in the data at 45°C. The reason for this phenomenonis not clear but can be explained by the decay due to the accumulation of toxic substances in the substrate solution, or the decrease of an unknownstabilizer within gel matrices.
Furthermore, the reason why such a phenomenon was not observed below 37°C can be considered as follows. Either the aspartase activity was not decreased to the critical value at which its rapid decay is initiated at the end of the experiment, or aspartase has a resistance to rapid decay below 37°C.
The decay constants below 37°C were calculated from the regression lines in Fig. 2 and are plotted against l/r (Fig. 3) . The decay constant is represented Fflm= Flexp{-exp(-9.39x lO3/r+25.29)}0 (5) where V°amis the initial apparent maximumreaction rate.
Operation policy for industrial production of Laspartic acid
Generally, one of the most important factors for cost estimation is the decay of enzyme activity of immobilized microorganisms and enzymes during operation. Temperature is a well-known factor affecting enzyme stability. Whenoperating temperature is lower, enzyme activity is lower but more stable. desired conversion, the operating temperature can be set at a lower value till the enzymeactivity falls to the required value to obtain desired conversion. Thus, we compared the efficiency of L-aspartic acid production between a temperature-raising operation and an isothermal operation on the basis of the rate equations described above. The results showed that the temperature-raising operation was obviously superior to the isothermal one. Weare now industrially producing L-aspartic acid using immobilized E. coli cells with temperature-raising operation.
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